Cervical cancer (CC) is the fourth most common malignant neoplasm in women and seventh overall globally. The global annual incidence was estimated at 528,000 cases, and the annual number of CC-related deaths was estimated at 266,000 [1, 2] . In the United States, CC is the third most common genital tract malignancy and approximately 12,042 new cases and 4074 deaths were attributed to this disease in 2012 [2, 3] . In the past 40 years, as a result of increased surveillance and improved treatment [2, 3] , both the incidence and mortality of CC have significantly decreased. Although the decline in mortality from CC has occurred across all racial and ethnic groups, a disproportionate burden of CC has been shown between African American (AA) and White women [4, 5] . It has also been found that African American women were more likely to be diagnosed with advanced stage of CC compared to White women [6] .
Introduction differences in CC survival after controlling for stage and treatment [19] [20] [21] . Given these conflicting results, a number of studies have highlighted a need to further examine the association between CC survival and race [8, 12, 13, 21] . Thus, the objective of this study was to assess racial differences in survival from CC among AA and White women using cancer registry data from 1985 to 2010 obtained at two hospitals located in the southeastern US.
Sample
This study used data (N = 2117) from tumor registries at two locations, University of Alabama at Birmingham Hospital (UAB), Birmingham, Alabama (n = 1783), and Grady Memorial Hospital (GH), Atlanta, Georgia, (n = 334). The registries used ICD-O-3 for classification of topography and morphology of CCs. The participants included in the study (n = 925 AAs and n = 1192 Whites) were diagnosed with any of the most prevalent forms of CC (adenocarcinoma, adenosquamous cell carcinoma, or squamous cell carcinoma) between 1985 and 2010, received treatment (surgery, chemotherapy, or radiation (alone/ combined)) at the aforementioned hospitals, had information on demographics (age, race), date of diagnosis, stage of the CC, and at least five years elapsed since diagnosis. Both UAB and GH patients populations were largely consisted of AA and Whites and only a very small proportion was of other demographic groups. Therefore, we excluded those groups from the analysis since meaningful results could not be generated for them. The study was approved by the Institutional Review Boards of the two hospitals.
Statistical analysis
The purpose of the analysis was to examine differences in 5-year survival between AA and White women using the combined UAB and GH participant data (N = 2117). Because 88% of participants at GH were AA, to examine robustness of results, a separate set of analyses was conducted with the UAB participants only (n = 1783). Differences in the proportion of AA and White women by vital status, age, stage of the cancer at diagnosis, mode of treatment, year of diagnosis, location, and histological subtype of CC were determined using descriptive statistics and chi-squared tests. Because the AA and White groups appeared dissimilar in all characteristics, two strategies were employed to compare 5-year survival between the two racial groups: propensity-score adjustment, and matched-pair analysis. The propensity-score adjustment proceeded in two steps. First, a conditional inference tree model [22] , (a nonlinear recursive partitioning model) was used to estimate the propensity score, that is, the probability of being AA given the covariates (year of diagnosis, age at diagnosis, stage of cancer, mode of treatment, and location). This modeling approach conducts predictor selection and partitioning of the predictor space via statistical tests (i.e., permutation tests, a class of nonparametric tests), while applying control for multiple testing using Bonferroni adjustments to prevent over-fitting. Tree models can be shown graphically, and can be used for a variety of outcomes, including continuous, categorical, and time-to-event. Correct specification of the propensity scores was determined with an analysis of residuals. The next step consisted of using a Cox proportional hazard model to summarize the racial difference in instantaneous risk of death (i.e., hazard), in the form of a hazard ratio adjusted for the propensity score. Deviations from the proportional hazards assumption were examined using time by predictor interactions. The matched-pair analysis proceeded in two steps. First, for each AA patient, a White match was found using the Mahalanobis distance as multivariate similarity measure, and the GenMatch search algorithm [23] with replacement (i.e., a White patient could be matched with more than one AA patient). Matching with replacement was used because it results in the highest degree of balance in the covariates and the lowest conditional bias [24] . Balance in covariates between the resulting matched groups was checked using cross tabulations and effect sizes. The second step consisted of using a frailty model [25] to summarize differences in instantaneous risk of death between the matched groups. This model was stratified by matched-pair, and included a random effect for participant to account for dependencies among participants in a matched pair, and having some White participants repeated by matching multiple AAs. Deviations from the proportional hazards assumption were examined graphically. A False Discovery Rate (FDR) adjustment was used to control for multiple testing of the same outcome [26] . The FDR rate was held at the 5% level. In order to avoid confusing statistical 'significance' with clinical importance or consequence (i.e., the large sample size fallacy [27, 28] ), regardless of significance tests, model-estimated racial differences in percent survival at 60 months after diagnosis were computed, and hazard ratios of at least 1.57 in magnitude were interpreted as relevant effects [29] . This threshold for a hazard ratio is equivalent to a between-group standardized mean difference of 0.35 (a small to medium effect size) [30] in the natural log of the survival time (a variance stabilizing transformation) [31] , under exponentially distributed survival time (a parametric survival model [32] with constant and proportional hazards). A final survival tree model was fitted with all the data to examine the strongest predictors of survival under that modeling approach. The analyses were conducted using SAS Version 9.4 (SAS Institute, Cary, NC), and R version 3.2.0 (R Foundation
for Statistical Computing, Vienna, Austria). The R packages party [33] and MatchIt [34] were used to conduct tree modeling and matching, respectively. Table 1 shows the characteristics of the sample by race. 44% of the sample was AA. There were statistically significant differences between AA and White women in all characteristics. Higher percentages of AA women were in the older age groups compared to White women. A higher percentage of AA women underwent radiation, chemotherapy, or both as the mode of treatment compared to White women. About 88% of patients from GH were AA compared to 35% at UAB. Table 2 shows the characteristics of the UAB sample, and provides similar conclusions to those extracted from the total sample (Table 1) . Among other differences, AA were older at the time of diagnosis, and a higher percentage underwent radiation, chemotherapy, or both as the mode of treatment compared to White women. Figure 1 shows the classification tree model predicting race using as explanatory variables: age at diagnosis, year of diagnosis, stage of cancer, histological subtype of cancer, mode of treatment, and location. This model was used to estimate the propensity scores for the analysis that included all participants (N = 2117). A residual analysis of the propensity scores showed no relevant residual imbalance in the covariates. A similar modeling approach was conducted using the UAB data only (n = 1783). This resulted in the same tree structure with the exception of the split for location ( Figure S1 ). No relevant residual imbalance on the covariates was observed.
Results
The matching algorithm identified 441 White patient matches for the 925 AAs. Since matching was conducted with replacement, some White women matched multiple AA women, and thus the number of pairs was equal to the number of AAs. Of note, since there were only 41 White patients at GH, these patients had to be used repeatedly to match the 293 AAs at that location. The same matching procedure was conducted using the UAB data only, which resulted in 422 White patient matches for the 632 AAs in that location.
As shown in Table 3 , no relevant covariate imbalance was found among the matched-pairs in both the combined locations and using UAB data only. Table 4 shows the crude, propensity-score-adjusted, and matched-pair estimates of hazard ratios (HR) for race (AA vs. White) using the combined patient data and the UAB location only. Table 4 also shows model-estimated percent survival differences, and effect sizes that assume exponential survival time. On both the analyses with all participants and UAB-only, the crude HR of 1.58 crossed the specified relevance threshold (HR>1.57), however, the propensity-adjusted and matched-pair HRs did not. All HR estimates were statistically significantly different from the null value of 1 even after correction for multiple testing. Kaplan-Meir curves (for the crude and matched analyses) and adjusted survivor curves (for the propensityscore-adjusted analyses) are shown in a Figure S2 . Figure 2 shows the survival tree model for all N = 2117 participants. The tree algorithm identified mode of treatment, stage of CC, age at diagnosis, and histological subtype Table 1 . Demographics, location, year of diagnosis, type and stage of the cervical cancer (CC), mode of treatment, and vital status, by race (N = 2117). 
Discussion
This study was conducted to assess racial differences in survival of CC between AA and White women treated in two hospitals in the southeastern US from 1985 to 2010. The crude comparisons suggested relevant racial differences in survival, however, examination of the characteristics (year of diagnosis, age at diagnosis, stage of the CC, mode of treatment, and histological subtype, and location) of the AA and White women indicated that these two groups of women were dissimilar in all characteristics. Comparing ostensibly dissimilar groups remains a challenging aspect of epidemiological studies. Therefore, we used two strategies to attempt to make like-with-like comparisons between AA and CA patients. We used propensity score adjustment, and multivariate matching. The multivariable models used to estimate the propensity score were nonlinear recursive partitioning models and therefore allowed detection of complex covariate interactions that would not have been apparent using the more common logistic regression models. Because almost 88% of GH's patients were AA, we conducted analyses with the UAB patients only to determine whether the study conclusions would change based on the inclusion of the GH patients. The conclusions from the propensity-adjusted and matched analyses concurred in that no large racial differences in survival, as measured by the magnitude of the estimated hazard ratios, were found when attempting to compare like-with-like (albeit the estimated small differences were statistically significant). These conclusions were supported by survival regression trees that did not select race as a salient predictor of survival when considered simultaneously with the other available characteristics, and resulted in HRs much higher than those estimated for race (crude or adjusted).
In this study, we found AAs were more likely to be diagnosed at older age than Whites, and the proportion of advanced tumor stage at the time of diagnosis (stages 3 and 4) was higher among AA (30%) compared to White 
women (23.0%).
A greater proportion of AA (66%) underwent both radiation and chemotherapy with or without surgery in compared to Whites (50%). These findings are consistent with published literature [11, 12, 35, 36] .
The exploratory survival tree analysis (Figs 2 and 3) did not select race as a salient predictor of survival, given the other set of predictors. Likewise, previous studies do not show consistent results on racial disparity in CC survival. A number of previous studies have reported no racial differences in survival after multivariate adjustment [19-21, 35, 37] whereas, other studies reported AA women having worse survival compared to white women despite adjustment for several potential confounding variables [7, 8, [11] [12] [13] 18] .
A study conducted by Leath et al. [20] using the cancer registry from the UAB Hospital (1994) (1995) (1996) (1997) (1998) (1999) (2000) reported no overall survival difference between White and AA women after adjustment for cancer subtype, stage, and treatment method. However, almost 70% (n = 304) of the study sample were White women, and the racial groups were ostensibly dissimilar with regards to demographics and comorbidities, which may have confounding effects on outcome results. In a study of 922 women diagnosed with stages 2 and 3 CCs who were treated with radiotherapy at the Mallinckrodt Institute of Radiology [19] no racial difference in cancer-specific mortality was reported. However, the 5-year overall survival rate for patients who were diagnosed with stage 2 disease was significantly lower in AA women compared with White women (51% vs. 60%). This relatively small difference (OR = 1.44, a small effect size, equivalent to a standardized mean difference of 0.2 in the log odds scale) [38] in survival was attributed to other non-cancer-related factors. Brooks et al. [13] evaluated the association of race, co-morbid illness, insurance status, and other prognostic factors on treatment and survival in 153 women (54% were AA and 46% were White) with invasive CC treated at the University of Maryland and found in the final survival model that AA race (HR 1.9; 95% C.I. = 1.0-3.3) was associated with poor survival. A study conducted with 7237 patients in the Texas cancer registry (1995) (1996) (1997) (1998) (1999) (2000) (2001) by Eggleston et al. [8] found that AA women were more likely to have shorter survival time than non-Hispanic whites (HR 1.3; 95% C.I. = 1.1-1.5). Regardless of significance testing, this HR is small and its relevance is arguable. Under a simple exponential model, it is equivalent to a standardized difference in log survival time of 0.2 (a small effect size).
In this study, racial differences in survival were not reported by histological subtype due to issues of small counts of White women diagnosed with adenocarcinoma or adenosquamous cell carcinoma at GH. Howell et al. [12] reported significantly higher mortality in patients with adenosquamous compared to those with squamous cell carcinoma. Some studies have reported that histology was not a significant factor for survival [7, 18, 36] . In this study, the exploratory tree algorithm that used the entire sample identified mode of treatment, stage of the CC, age at diagnosis, and histological type as the most salient characteristics predicting survival, albeit these AA, African American; UAB, University of Alabama at Birmingham; Grady, Grady Memorial Hospital, Atlanta Georgia. 1 Matching with replacement (n = 925 AA and n = 441 White). 2 Matching with replacement (n = 632 AA and n = 422 White). 3 Cramer's V: measure of association between two nominal variables, giving a value between 0 and 1. Values ~0.1 are considered small, ~0.3 medium, ~0.5 + large in magnitude. variables formed complex interactions, so individual effects for each variable were not summarized. A number of previous studies have also reported age [12, 18] , tumor stage [7, 12, 13, 20] , mode of treatment [7, 18, 36] as independent factors associated with survival. The great majority of studies cited here have used linearized models (Cox proportional hazards models) with direct covariate adjustment as main analytical approach. These models assume proportional hazards, and linearity and additivity of predictors with respect to the log hazard. These assumptions are not always examined, and if they don't hold, the validity of conclusions from such analyses is threatened. Here, we have minimized the use of linearized models to circumvent their limitations. Also, a number of studies used (uncorrected) significance testing as the sole determinant of relevance of a predictor on survival, which in large sample studies opens up the possibility of confusing statistical significance with relevance or consequence. Thus, we have used not only significance tests (appropriately adjusted for multiple testing), but also the magnitude of the effects (i.e., the hazard ratios themselves) to determine whether a difference is likely to be relevant or not, regardless of significance. We have used a threshold of 1.57 for the hazard ratio, equivalent to a standardized mean difference of 0.35 (a small to medium effect size), under some simplifying modeling assumptions. Because choosing a cutoff for an effect size is a subjective decision, we have also presented model-estimated racial differences in percent survival at 60-month post diagnosis (Table 4) , allowing readers to better judge the magnitude of the observed racial differences in survival. The alternative analytical approaches might explain some of the differences between the results shown here and those in previous studies. The effect of CC screening and early detection on survival has been highlighted by several studies. Lack of facilities to screen with a Pap test is the most common attributable factor in the development of invasive CC [39] [40] [41] [42] . In this study, diagnosis of AAs at an older age and advanced tumor stage compared to White Americans may be due to lower socioeconomic status, access to screening facilities or cultural barriers. However, those factors were not taken into consideration in the analysis because those data are unavailable in the tumor registry databases.
Hicks et al. reported that there is clearly a notable disparity in CC survival between various minority populations and White women. Identifiable factors that affect survival disparity were deficiencies in screening and/or treatment, inappropriate treatment or comorbid illnesses [41] . According to the National Health Survey (2010), similar CC screening rates were reported among AA and White Americans [6] . However, AA women were more likely to be diagnosed with advanced stage of the disease and the 5-year relative survival rate for CC is lower compared to the White women. The racial difference in stage at diagnosis may be due to differences in the quality of screening and follow-up after abnormal pap results [6] . Access to quality health care is often compromised among under-served minorities, particularly AA women, the uninsured and older women [41, 42] .
There are several limitations in this study. Important patient characteristics such as socioeconomic status, smoking, alcohol, or drug use, parity, life-time number of sexual partners, human papillomavirus genotypes present in the CC, other medical comorbidities, access to healthcare/ screening facilities, health insurance status, and cultural influence or distrust, refusal or acceptance of treatment were not available for analysis. Although we have included potential confounders in our analyses, residual confounding may still bias our estimates.
Conclusion
The AA and White women included in the study appeared ostensibly dissimilar in several characteristics. Robust methodology was used in the analyses and the results indicated small racial differences in 5-year CC survival between AA and White women when attempting to compare like-with-like, given the available covariates. Age at diagnosis, stage of the CC, mode of treatment, and histological subtype were identified as the most salient characteristics predicting 5-year survival, and the race groups differed in these characteristics. Thus, crude racial differences in survival might be partly explained by underlying differences in the characteristics of racial groups, such as age at diagnosis, histological subtype, stage, and mode of treatment. These results highlight the need to improve access to early screening and treatment opportunities for AA women to improve posttreatment survival of CC.
